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(57)Abstract: 

PROBLEM TO BE SOLVED: To detect the failure of a radiator with high 
accuracy and high responsiveness by calculating an estimated water 
temperature on the basis of the heat load parameter correlated with at 
least the water temperature in the start of the engine and the rise of the 
water temperature, and comparing the detected water temperature and the 
estimated water temperature with the predetermined values to judge the 
failure of a radiator 

SOLUTION: An engine body 10 is connected to a radiator 60 through an 
inlet pipe 62, and a thermostat 64 is mounted on the inlet pipe 62. The 
operating condition of the engine body 10 is detected by various sensors 
including at least an outside air temperature sensor 30 and a water 
temperature sensor 32, the estimated water temperature is calculated by 
ECU 20 on the basis of the heat load parameter correlated with at least 
the water temperature in the start and the rise of the water temperature, 
and the detected water temperature and the estimated water temperature 
are respectively compared with the predetermined failure judgement values. 
In a case when the detected water temperature does not reach the 
judgement value when the estimated water temperature reaches the 
judgement value, the failure of the radiator 60. that is, the thermostat 64 is 
judged. 
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CLAIMS 



[Claim(s)] 

[Claim 1] While connecting with an internal combustion engine through a free passage way and cooling said internal 
combustion engine's cooling water In failure detection equipment of a radiator which comes to have a thermostat which 
opens and closes said free passage way a. Inside of an operational status detection means to detect said intemal 
combustion engine's operational status, and operational status by which the b. aforementioned detection was carried out, 
A presxmied water temperature calculation means to compute presumed water temperature based on a thermal load 
parameter correlated with water temperature at the time of engine starting, and said water temperature rise at least, And 
radiator failure detection equipment of an intemal combustion engine characterized by having a failure judging means to 
judge failure of said radiator for presumed water temperature by which the c. aforementioned calculation was carried 
out, and said detected water temperature based on said comparison result as compared with a predeteraiined value, 
respectively. 

[Claim 2] Said presumed water temperature calculation means is radiator failure detection equipment of an intemal 
combustion engine given in claim 1 term characterized by computing said thermal load parameter based on an engine 
load addition value at least. 

[Claim 3] Said presumed water temperature calculation means is radiator failure detection equipment of an intemal 
combustion engine given in claim dyadic characterized by computing said engine load addition value based on fuel oil 
consumption and an engine rotational frequency which are supplied to said intemal combustion engine at least, and an 
engine load. 

[Claim 4] Said presumed water temperature calculation means is radiator failure detection equipment of an intemal 
combustion engine given in either claim 1 term further characterized by computing said thermal load parameter based 
on a cooling-loss addition value by a wind etc. thru/or the 3rd term. 

[Claim 5] Said presumed water temperature calculation means is radiator failure detection equipment of an intemal 
combustion engine given in claim 4 term characterized by computing a cooling-loss addition value by said wind etc. 
based on outside air temperature and the vehicle speed at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] And this invention is depended and relates to the failure detection 
equipment of the thermostat of a radiator in detail. [ of an internal combustion engine ] [ radiator failure detection ] 
[0002] 

[Description of the Prior Art] The internal combustion engine for vehicles has the radiator which is connected through a 
free passage way and cools cooling water, and a thermostat (closing motion bulb) is arranged on a free passage way. 
When cooling water temperature of a thermostat, such as the time of starting, is low, while closing a free passage way, it 
will open, if a temperature up is carried out, a free passage way is opened wide, and cooling water is introduced into a 
radiator and it cools. 

[0003] Since this radiator is also one of the loading components of vehicles, it is desirable to detect the failure. For 
example, in the radiator equipped with the incubation container which stores the cooling water by which warming up 
was usually carried out at the time of operation, and keeps it warm, the cooling water temperature detected at the time of 
starting operation has judged JP,6-213117,A to be incubation container failure, when unusually low. 
[0004] Moreover, when unusually high, while the cooling water temperature at which this conventional technology was 
detected at the time of steady operation judges with closing stick failure, with a thermostat closed, when unusually low, 
it has judged with opening stick failure, with a thermostat opening. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the conventional technology, since failure of a thermostat was 
detected only when the detected cooling water temperature shows an imusual value, it was what it is not necessarily 
hard to satisfy in detection precision and responsibility. 

[0006] Therefore, it is in the pvirpose of this invention canceling above-mentioned un-arranging, and is in offering a 
radiator and the radiator failure detection equipment of the internal combustion engine which can detect failure of the 
thermostat arranged in more detail at a radiator with high degree of accuracy and sufficient responsibility. 
[0007] 

[Means for Solving the Problem] If it is in claim 1 term in order to solve the above-mentioned purpose While 
connecting with an internal combustion engine through a free passage way and cooling said intemal combustion 
engine's cooling water In failure detection equipment of a radiator which comes to have a thermostat which opens and 
closes said free passage way Inside of an operational status detection means to detect said intemal combustion engine's 
operational status, and said detected operational status, A presumed water temperature calculation means to compute 
presumed water temperature based on a thermal load parameter correlated with water temperature at the time of engine 
starting, and said water temperature rise at least. And it constituted so that it might have a failure judging means to judge 
failure of said radiator for said computed presumed water temperature and said detected water temperature based on said 
comparison result as compared with a predetermined value, respectively. 

[0008] Namely, since actual water temperature is detected, both temperature up property is judged by comparing with a 
predetermined value, respectively and it was made to carry out failure detection while presuming water temperature 
from a thermal load parameter which approximates water temperature at the time of engine starting, and actuation of a 
radiator, failure of a radiator and a thermostat arranged in more detail at a radiator is detectable with high degree of 
accuracy and sufficient responsibility. 

[0009] If it was in claim 2 term, said presumed water temperature calculation means was constituted so that said thermal 
load parameter might be computed based on an engine load addition value at least. By this, failure of a radiator and a 
thermostat arranged in more detail at a radiator can be detected with high degree of acc\iracy and much more sufficient 
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responsibility. 

[0010] If it was in claim 3 term, said presumed water temperature calculation means was constituted so that said engine 
load addition value might be computed based on fuel oil consumption and an engine rotational frequency which are 
supplied to said internal combustion engine at least, and an engine load. By this, failure of a radiator and a thermostat 
arranged in more detail at a radiator can be similarly detected with high degree of accuracy and much more sufficient 
responsibility. 

[001 1] If it was in claim 4 term, said presumed water temperature calculation means was further constituted so that said 
thermal load parameter might be computed based on a cooling-loss addition value by a wind etc. By this, failure of a 
radiator and a thermostat arranged in more detail at a radiator can be similarly detected with high degree of accuracy 
and much more sufficient responsibility. 

[0012] If it was in claim 5 term, said presumed water temperature calculation means was constituted so that a cooling- 
loss addition value by said wind etc. might be computed based on outside air temperature and the vehicle speed at least. 
By this, failure of a radiator and a thermostat arranged in more detail at a radiator can be similarly detected with high 
degree of accuracy and much more sufficient responsibility. 
[0013] 

[Embodiment of the Invention] Hereafter, it is based on an accompanying drawing and the gestalt of implementation of 

this invention is explained. 

[0014] Drawing 1 is the schematic diagram, showing the radiator failure detection equipment of the intemal combustion 
engine concerning this invention on the whole. 

[0015] In drawing, a sign 10 shows the intemal combustion engine (henceforth an "engine") of a 4-cylinder four cycle. 
A throttle valve 14 is arranged in the middle of the inlet pipe 12 connected to main part 10a of an engine 10. The throttle 
opening sensor 16 is connected with a throttle valve 14, the electrical signal according to opening thetaTH of a throttle 
valve 14 is outputted, and it sends to an electronic control unit (henceforth "ECU") 20. 

[0016] The above mentioned inlet pipe 12 forms an intake manifold (not shown) on the lower stream of a river of a 
throttle- valve arrangement location, and a fuel injection valve (injector) 22 is formed in the upstream of the inlet valve 
(not shown) of each gas column for every gas column in the intake manifold. 

[0017] It connects with ECU20 electrically, and while the valve-opening time amoxmt is controlled and opening, a fiiel 
injection valve 22 injects the fed fuel in a gas column, while it connects with a fuel pump (not shown) mechanically and 
it receives feeding of a fuel (supply). 

[001 8] In the inlet pipe 12, the absolute-pressure sensor 26 is attached in the lower stream of a river of a throttle valve 
14 through the branch pipe 24, and the electrical signal according to the inlet-pijpe intemal pressure PBA in an inlet pipe 
12 (absolute pressure) is outputted. 

[0019] Moreover, while the outside-air-temperature (intake-air temperature) sensor 30 is attached in the lower stream of 
a river and outputting the electrical signal according to outside air temperature (intake-air temperature) TA, a coolant 
temperature sensor 32 is arranged and the electrical signal according to engine-cooling-water ** (henceforth "water 
temperature") TW is outputted near the cooling water path (not shown) of engine 10a. 

[0020] Moreover, in an internal combustion engine 10, the gas column distinction sensor 34 is attached near a cam shaft 
or a crankshaft (not shown [ both ]), and output sending out of the gas column distinction signal CYL is carried out for 
every piston location of a predetermined gas column. 

[0021] Similarly, while the TDC sensor 36 is attached and outputting a TDC signal pulse to whenever [ relevant to the 

TDC location of a piston (not shown) / crank angle / every ] (for example, ten BTDC(s)), the crank angle sensor 38 is 

attached near a cam shaft or a crankshaft (not shown [ both ]), and a CRK signal pulse is periodically outputted to it 

whenever [ shorter than period of said TDC signal pulse crank angle ] (for example, 30 degrees). 

[0022] Moreover, the air- fuel ratio sensor (02 sensor) 42 is formed in the proper location of the exhaust pipe 40 

connected to EKIZOSUTOMANIHORUDO (not shown) in an intemal combustion engine's 10 exhaust air system, and 

it is the oxygen density 02 in exhaust gas. While outputting the embraced signal, a three way component catalyst 44 is 

formed in the lower stream of a river, and HC in exhaust gas, CO, and an NOx component are purified. 

[0023] Moreover, an ignition plug 48 is arranged and it connects with ECU20 electrically through an ignition coil and 

an ignitor 50 in an intemal combustion engine's 10 combustion chamber (not shown). 

[0024] Furthermore, a knock sensor 52 is arranged and the signal according to vibration of an engine 10 is outputted to 
the cylinder head (not shown) of engine 10a. Moreover, the wheel speed sensor 54 is carried near the drive shaft (not 
shown) of vehicles in which an engine 10 is carried, and a pulse is outputted for every unit rotation of a wheel. 
[0025] The output of these sensors is also sent to ECU20. 

[0026] CPU (arithmetic and program control)20 which performs input circuit 20a which ECU20 consists of a 
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microcomputer and processes plastic surgery of an input signal wave from the various above-mentioned sensors, 
conversion of a voltage level, or digital signal-ization of an analog signal value, and logical operation - it consists of 
storage means 20c which memorizes various operation programs, the result of an operation, etc. which are performed by 
b and CPU, 20d of output circuits etc., etc. 

[0027] In ECU20, the output of a knock sensor 52 is inputted into a detector (not shown), and is measured with the 
knock judging level which amplified and obtained the noise level there. It detects whether the knock generated CPU20b 
in the combustion chamber from the detector output. Moreover, CPU20b counts the output pulse of the wheel speed 
sensor 54, and detects the vehicle speed VPS while it counts a CRK signal pulse and detects an engine speed NE. 
[0028] When a knock is detected, it carries out lag amendment of the fundamental-points fire stage, while CPU20b 
searches the map which is beforehand set up from the detected engine speed NE and the absolute pressure PB A (engine 
load parameter) in an inlet pipe, and is stored in storage means 20c, computes a fundamental-points fire stage and 
amends a fundamental-points fire stage from engine-cooling-water ** TW etc. 

[0029] Moreover, CPU20b determines fuel oil consumption (valve-opening time amoimt), and drives a fuel injection 
valve 22 through 20d of output circuits, and a drive circuit (not shown). 
[0030] A radiator 60 is connected to an engine 10. 

[0031] Drawin g 2 is the explanation side cross section showing the radiator 60 in details. 

[0032] Like illustration, an engine 10 is connected to a radiator 60 through an inlet pipe (free passage way) 62, and a 
thermostat 64 is arranged at an inlet pipe 62. 

[0033] An inlet pipe 62 is connected to the upper tank 66, and the core 70 of the shape of a nest of a bee is contained by 
the space from there to lower ROATANKU 68. The cooling water of a cooling water path is fed with Water pump 72, 
and enters in a tank from an inlet pipe 62, and it circulates through it, contacting a core 70, and it returns from the outlet 
pipe 74 to the cooling water path in an engine 10. 

[0034] As an arrow head shows to drawing 2 , a core 70 is compulsorily cooled by the fan 76 who is installed in a back 
side and drives by engine power while being cooled in response to a wind from a vehicles travelling direction. 
[0035] It is the closing motion bulb which consists of bimetal, and a thermostat 64 will be wide opened, if cooling water 
temperature goes up, it contacts cooling water to a core 70, cools it, and returns it to a cooling water path while it 
prevents that close an inlet pipe 62 at the time of starting with low cooling water temperature, and cooling water 
invades. 

[0036] In the above-mentioned configuration, ECU20 computes presumed water temperature based on the above 
mentioned sensor output, and detects failure of a thermostat 64 so that it may mention later. 
[0037] The failure detection is explained with reference to the drawing 3 flow chart. In addition, the program of 
illustration is performed every predetermined time, for example, 2sec(s). [0038] If it explains below, it will judge 
whether an engine 10 is in starting mode by SIO. Whether the starter motor (not shown) is operating first judges this, 
and when denied, it is performed by judging whether the engine speed NE has reached the cranking rotational 
frequency. When affirmed by either, it is judged that an engine 10 is in starting mode. 

[0039] When affirmed by SIO, while progressing to SI 2 and making the value of the water temperature presxmiption 
engine load addition value TITTL, the addition cooling-loss value CLTTL, the after [ starting ] counter ctTRM (for the 
elapsed time measurement from engine starting), and the vehicle speed addition value VPSTTL into zero, let the value 
of the presumed water temperature TWINIT be the presumed water temperature CTW at the time of starting (it 
replaces). These parameters are mentioned later. 

[0040] When denied by SIO, it progresses to SI 4, and it judges whether the bit of flag F.MONTRM is set to 1. 
[0041 ] That the bit of this flag is set to 1 means that the thermostat failure detection execution condition was satisfied. 
By another subroutine flow chart, the existence of formation of a failure detection execution condition is judged, and the 

bit of this flag is set. 

[0042] Drawing 4 is a flow chart which shows the failure detection execution condition formation decision activity. In 
addition, the program of illustration is also performed for whenever [ predetermined crank angle / every ]. 
[0043] If it explains below, it will be judged by the same technique whether an engine 10 is in starting mode by SI 00, 
and that S 1 0 of drawing 3 described. 

[0044] It judges whether the outside air temperature (intake-air temperature) TA which progressed to SI 02 when 
affirmed by SI 00, and was detected from the outside-air-temperature sensor 30 is under the predetermined value 
TATHERMH (for example, 50-degreeC) above the predetermined value TATHERML (for example, -7-degreeC), and 
the water temperature TW detected from the coolant temperature sensor 32 is under the predetermined value 
TWTHERMH (for example, 50-degreeC) above the predetermined value TWTHERML (for example, -7-degreeC). 
[0045] If affirmed by SI 02, the difference of the cooling water temperature TW detected by progressing to SI 04 and 
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outside air temperature TA will be searched for, and it will judge whether it is under the predetermined value 
DTTHERM (for example, 10-degreeC). 

[0046] If affirmed by SI 04, it will progress to SI 06, and the table showing the property in drawing 5 from the detection 
water temperature TW is searched, and the water temperature correction value KDCTW is computed at the time of 
water temperature presumption starting (after-mentioned). 

[0047] Subsequently, it progresses to SI 08 and the detection outside air temperature TA and the detection water 
temperature TW are rewritten with the detection water temperature TWINIT at the time of the detection outside air 
temperature TAINIT and starting at the time of starting. 

[0048] Subsequently, when affirmed, while it progresses to SI 10 and whether the detection outside air temperature 
TAINIT is smaller than the detection water temperature TWINIT at the time of starting at the time of starting rewritten 
now judges, and progressing to SI 12 and rewriting TAINIT with CTAOS, when denied, it progresses to SI 14 and 
TWINIT is rewritten with CTAOS. 

[0049] Here, CTAOS means outside air temperature at the time of amendment starting, and an activity here means 
amending the value of the lower one of the detection outside air temperature TAINIT with detection outside air 
temperature at the time of starting at the time of the detection water temperature TWINIT and starting at the time of 
starting. 

[0050] Then, it is shown that set to 1 the bit of flag F.MONTRM which progressed to SI 16 and was described above, 
and the failure detection execution condition was satisfied. 

[0051] On the other hand, when denied by S102 and S104, it progresses to SI 18, and the bit of flag F.MONTRM is 
reset to 0, and it is shown that a failure detection execution condition was not satisfied. 

[0052] Moreover, if it progresses to SI 20, the difference of the detection outside-air-temperature value TAINIT is 
searched for at the time of the detection outside air temperature TA and the above mentioned starting and the difference 
puts in another way under in the predetermined value DTATHERM when denied by SI 00, it will judge whether the fall 
of outside air temperature is large. 

[0053] When affirmed by SI 20, while progressing to SI 22, resetting the bit of flag F.MONTRM to 0 and showing 
failure detection execution condition failure, subsequent processings are skipped when denied. 
[0054] The failure detection execution condition was in the condition that the engine 10 was cooled to an equivalent for 
outside air temperature, and when change of outside air temperatxire was small, it was made to be satisfied in the gestalt 
of this operation, since presumed water temperature is computed fi*om the detection water temperature at the time of 
starting while judging thermostat failure detection based on the relation between detection water temperature and 
presumed water temperature so that it may mention later. 

[0055] That is, in predetermined within the limits, from detection water temperature, beyond a predetermined value, 
(SI 02) and detection outside air temperature satisfy [ water temperature / at the time of engine starting / the detection 
outside air temperature and detection water temperature ] conditions, when not high (SI 04). Therefore, when the fall of 
the detection outside air temperature after starting is large (SI 20), it considers that the fall of outside air temperature is 
insufficiently [ parking duration ] large, and conditions are not satisfied. 

[0056] here, if the thermostat failure detection technique concerning the gestalt of this operation is outlined, when it 
asks for the presumed water temperature CTW from the temperature conditions and operational status at the time of 
engine starting (S32 of drawin g 3 ), the presimied water temperature CTW reaches the failure decision value CTWJUD 
and the detection water temperature TW has not reached the normal decision value TWJUD, a thermostat 64 judges 
with failure - it was made like (from S300 to S308 of drawing 13 ). 
[0057] The presumed water temperature CTW is computed as follows. 

the time of presumed water temperature CTW= starting - detection water temperature ~ the time of TWINIT(S108 of 
drawing 4 )+ water temperature presumption basic value DDCTW(S30 of drawing 3 ) x water temperature presumption 
starting -- the water temperature correction value KDCTW (S 1 06 of drawin g 4 ) 

[0058] Above, the water temperature presumption basic value DDCTW is a thermal load parameter (water temperature 
presumption engine load addition value TITTL.) which contributes to a water temperature rise. It increases in proportion 
to tiie increment in S200 to S212 of S28 and drawing 9 of drawing 3 . Then, artificers calculated tiie thermal load' 
parameter from the engine load addition value TIMTTL and the addition cooling-loss value CLTTL (cooling-loss value 
of an indoor heater and a wind), as a result of piling up knowledge (S26 of drawing 3 ). 

[0059] If it retums to explanation of drawing 3 , when judged as affirmation, i.e., failure detection execution condition 
formation, it progresses to SI 6, judging from the bit of the flag determined by processmg of the drawing 4 flow chart in 
SI 4, and is the last value CTW (k-1) of presumed water temperature. The difference DCTW of outside air temperature 
CTAOS (value of the lower one of the detection water temperature at the time of starting for which it asked by SI 10 to 
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SI 14, and the detection outside air temperature) is computed at the time of amendment starting. 
[0060] in addition, this specification and drawing - k - the sampling time of a discrete time system ~ the starting 
period of the drawin g 3 flow chart is shown in more detail (k-1) A value is shown the last starting period, i.e., last time. 
In addition, it omits giving k to a value this time for simplification. 

[0061] Subsequently, it progresses to SI 8, the table showing the property in drawing 6 fi-om the difference DCTW 
searched for now is searched, and heater cold disadvantage HTCL is computed. Here, heater **** means loss in case 
cooling water carries out a temperature up and is used for indoor heating. 

[0062] Heater cold disadvantage HTCL increases in proportion to the increment in the difference DCTW of presumed 
water temperature and outside air temperature (the lower one of detection water temperature and detection outside air 
temperature). Heater cold disadvantage HTCL is computed by converting it into the fuel-injection-duration (fuel oil 
consumption) considerable value for every unit time amount. 

[0063] Subsequently, air-blast-quenching disadvantage WDCL is computed by progressing to S20 and searching the 
table showing the property in drawin g 7 fi"om the difference DCTW searched for now similarly. 
[0064] Air-blast-quenching disadvantage WDCL increases in proportion to the increment in Difference DCTW . 
similarly, when it considers as wind-speed regularity. Air-blast-quenching disadvantage WDCL is also computed by 
converting it into the fuel-injection-duration (fuel oil consumption) considerable value for every unit time amount. 
[0065] Subsequently, it progresses to S22, the wind speed WDSINIT at the time of a strong wind (fixed value) is added 
to the vehicle speed VPS detected fi-om the speed sensor 54, and the presumed relative wind speed WDS is computed. 
[0066] Subsequently, the table showing the property in drawin g 8 fi-om the presumed relative wind speed WDS which 
progressed to S24 and was computed is searched, and the wind-speed correction value KVWD is searched. 
[0067] Subsequently, it progresses to S26 and the addition cooling-loss value CLTTL is computed. 
[0068] That is, the product which multiplied by the wind-speed correction value KVWD at air-blast-quenching 
disadvantage WDCL is added to calculated heater cold disadvantage HTCL to write, and it is the last value CLTTL of 
an addition cooling-loss value (k-1) to it. It adds (updating) and let the sum therefore obtained be this time value CLTTL 
of an addition cooling-loss value. 

[0069] Subsequently, it progresses to S28 and the water temperature presumption engine load addition value TITTL is 
computed. 

[0070] Although this is computed from the engine load addition value TIMTTL etc., the engine load addition value 
TIMTTL is computed according to the flow chart shown in drawing 9 . The program of this drawing is performed by 
whenever [ crank angle /, such as TDC, ]. 

[0071] If it explains below, the bit of failure detection execution condition enactment flag F.MONTRM which judged 
[ whether an engine 10 is in starting mode in S200 and ] by the same technique as SIO etc., progressed to S202 when 
denied, and was described above will judge whether 1, i.e., a failure detection execution condition, is materialized. 
[0072] The table showing the property in drawing 10 from the engine speed NE detected by progressing to S204 when 
affirmed by S202, and progressing to S206 when the bit of flag F.FC is set to 1, or a fuel cut judges whether it is under 
[ activation ]****** and is denied is searched, and the rotational frequency correction value KNETIM is computed. 
[0073] Subsequently, the table showing the property in drawing 1 1 from the absolute pressure PBA in an inlet pipe 
detected by progressing to S208 is searched, the load correction value KPBTIM is computed, it progresses to S210 and 
the engine load addition value TIMTTL is computed. 

[0074] It is the last value TIMTTL of an engine load addition value (k-1) about the product which multiplied by the 
rotational frequency correction value KNETIM and the load correction value KPBTIM by which the engine load 
addition value TIMTTL was specifically computed by the multiplication correction term KPA and the above at the fiiel- 
injection-duration (fuel oil consumption) basic value TIM, and obtained. It computes by adding (updating). 
[0075] In addition, since fuel injection was not made when affirmed by S204 while progressing to S212 and making the 
engine load addition value into zero, since it was hard to calculate an engine load addition value correctly when denied 
by S200 or S202, subsequent processings are skipped. 

[0076] If it retums to explanation of the drawing 3 flow chart, in S28, the water temperature presumption engine load 
addition value TITTL will be computed based on the computed engine load addition value to write. 
[0077] Namely, the water temperature presimiption engine load addition value TITTL is computed by subtracting the 
addition cooling-loss value CLTTL described above from the computed engine load addition value TIMTTL. 
[0078] Subsequently, the table showing the property in drawing 12 with the water temperature presumption engine load 
addition value TITTL which progressed to S30 and was computed is searched, the above mentioned water temperature 
presumption basic value DDCTW is computed, it progresses to S30, and, finally the presumed water temperature CTW 
is determined. 
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[0079] That is, the water temperature estimate CTW is computed by adding the product which multiplied by it and 
acquired the water temperature correction value KDCTW (it computes by SI 06 of drawing 4 ) at the time of water 
temperature presumption starting to the water temperature presumption basic value DDCTW for which the detection 
water temperature TWINIT was now asked at the time of starting. 

[0080] Subsequently, one value of the counter ctTRM after starting which progressed to S34 and was described above is 
incremented, it progresses to 836, the vehicle speed VPS detected by the vehicle speed addition value VPSTTL this 
time is added, and the vehicle speed addition value VPSTTL is updated. 

[0081] Subsequently, the average vehicle speed VPS AVE after engine starting is computed by doing the division of the 
vehicle speed addition value VPSTTL which progressed to S3 8 and was updated with the counter value ctTRM after 
starting. 

[0082] Subsequently, it progresses to S40 and a thermostat 64 judges in normal or failure. 
[0083] Drawin g 13 is a subroutine flow chart which shows the processing. 

[0084] If it explains below, when the water temperature TW detected from the coolant temperature sensor 32 in S300 
will judge whether it is below the normal decision value TWJUD (for example, 70-degreeC) and will be affirmed, it 
progresses to S302, whether the average vehicle speed VPSAVE exceeds a reference value VPSAVTRM (for example, 
30 km/h) judges, and when affirmed, it progresses to S304 and judges with a thermostat 64 being normal. 
[0085] On the other hand, when denied by S300, it progresses to S306, and when the presumed water temperature CTW 
judges whether it is under the failure decision value CTWJUD (for example, 75-degreeC) and is affirmed, it progresses 
to S308 and a thermostat 64 judges with abnormalities, such as failure, i.e., increase of a ullage, a valve-opening 
temperature fall, and fiiU open failiire (opening stick), having arisen. 

[0086] Moreover, when denied by S3 06, it progresses to S3 10, and when the difference which was able to subtract the 
detection water temperature TW from the presumed water temperature CTW judges whether it is below the 2nd failxire 
decision value DCTWJUD (for example, 15-degreeC) and is denied, it progresses to S308 and judges with thermostat 
failure. 

[0087] Thus, when presumed water temperature reaches a failure decision value before detection water temperature 
reached the normal decision value, it judges with thermostat failure. Moreover, when presumed water temperature is 
very higher than detection water temperature, also before presumed water temperature reaches a predetermined value, it 
judges with thermostat failure. 

[0088] When judged with thermostat normal, it progresses to S3 12, and the count counter of the completion of 
diagnostic is incremented, it progresses to S3 14, and the bit of said flag F.MONTRM is reset to 0. 
[0089] Moreover, when it was judged that the vehicle speed (average vehicle speed) is low, and a wind hardly hits a 
radiator 60 when denied by S302, even if the thermostat 64 actually broke down, the judgment was made to be delayed 
from the intention which avoids an incorrect judging, since the water temperature rise is early. 

[0090] namely, - in that case ~ S316 -- progressing - another routine without a drawing example ~ setting - a fan 76 - 
- predetermined time — the time of driving compulsorily, cooling a radiator 60 and the detection water temperature TW 
being said beyond normal decision value TWJUD about the detection water temperature TW after predetermined time 
progress as compared with said normal decision value TWJUD - a thermostat - when the detection water temperature 
TW was said under normal decision value TWJUD, it was made to judge with thermostat failxire, while judging with it 
being normal 

[0091] like the above, the gestalt of this operation is judged to be thermostat failure, also when presumed water 
temperature reaches a failure decision value before detection water temperature reached the normal decision value — it 
constituted like (or when presumed water temperature is very higher than detection water temperature, also before 
presumed water temperature reaches a predetermined value, it judges with thermostat failure). 
[0092] namely, — since it constituted so that actual water temperature might be detected, both temperature up property 
might be judged by comparing with a predetermined value, respectively and failxire of a thermostat might be detected 
while presuming water temperature from the thermal load parameter which approximates the water temperature at the 
time of engine starting, and actuation of a radiator - failure of ullage increase of a thermostat, a valve-opening 
temperature fall, fiiU open failure, etc. - high degree of accuracy - and it can be alike and can detect with sufficient 
responsibility. 

[0093] If it is in the gestalt of this operation like the above, while connecting with an internal combustion engine (engine 
10) through a free passage way (inlet pipe 62) and cooling said intemal combustion engine's cooling water In the failure 
detection equipment of the radiator 60 which comes to have the thermostat 64 which opens and closes said free passage 
way Said intemal combustion engine's operational status (engine-speed-NE and it absolute-pressure[ in an inlet pipe ]- 
PBA(s)) An operational status detection means to detect water temperature TW, outside air temperature (intake-air 
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temperature) TA, the vehicle speed VPS, etc. (the crank angle sensor 38, the absolute-pressure sensor 26, a coolant 
temperature sensor 32, the outside-air-temperature (intake-air temperature) sensor 30, the wheel speed sensor 54, 
ECU20), The inside of said detected operational status, At least The water temperature at the time of engine starting 
(TW, TWINIT) And a presumed water temperature calculation means to compute the presumed water temperature 
CTW based on the thermal load parameter (water temperature presumption engine load addition value TITTL) 
correlated with said water temperature rise (from ECU20, S26, S28, and S200 to S212, S30, S32), And said computed 
presumed water temperature CTW and said detected water temperature TW are compared with a predetermined value 
(the failure decision values CTWJUD and DCTJUD, the normal decision value TWJUD), respectively. It constituted so 
that it might have a failure judging means (from ECU20, S40, and S300 to S308) to judge failure of said radiator based 
on said comparison result. 

[0094] moreover, said presumed water temperature calculation means computes said thermal load parameter (water 
temperature presumption engine load addition value TITTL) based on an engine load addition value (engine load 
addition value TIMTTL) at least - it needs (from ECU20, S26, S28, and S200 to S212) - it constituted. 
[0095] moreover, said presumed water temperature calculation means computes said engine load addition value based 
on the fiiel oil consumption (TIMxKPA) and the engine rotational frequency (engine speed NE) which are supplied to 
said intemal combustion engine at least, and an engine load (absolute pressure PBA in an inlet pipe) — it needs (from 
ECU20, S26, S28, and S200 to S212) - it constituted. 

[0096] moreover, said presumed water temperature calculation means computes said thermal load parameter fiirther 
based on the cooling-loss addition value (addition cooling-loss value CLTTL) by a wind etc. ~ it needs (from ECU20 
and S16 to S26, S28) - it constituted. 

[0097] moreover, said presumed water temperature calculation means computes the cooling-loss addition value 
(addition cooling-loss value CLTTL) by said wind etc. based on outside air temperature (at the time of amendment 
starting outside air temperature CTAOS), and the vehicle speed VPS at least - it needs (from ECU20 and SI 6 to S26, 
S28) - it constituted. 
[0098] 

[Effect of the Invention] If it is in claim 1 term, failure of a radiator and the thermostat arranged in more detail at a 
radiator is detectable with high degree of accuracy and sufficient responsibility. 

[0099] If it is in claim 2 term, failure of a radiator and the thermostat arranged in more detail at a radiator can be 
detected with high degree of accuracy and much more sufficient responsibility. 

[0100] If it is in claim 3 term, failure of a radiator and the thermostat arranged in more detail at a radiator can be 

similarly detected with high degree of accuracy and much more sufficient responsibility. 

[0101] If it is in claim 4 term, failure of a radiator and the thermostat arranged in more detail at a radiator can be 

similarly detected with high degree of accuracy and much more sufficient responsibility. 

[01 02] If it is in claim 5 term, failure of a radiator and the thermostat arranged in more detail at a radiator can be 

similarly detected with high degree of accuracy and much more sufficient responsibility. 
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b<^^»))5»ISr^L, (k-1) »±Bfi0<^g»^«B. fill*>. 

[006 1] i5i:viT'S18tit;S(i, v^*^i6;t3IDCT 
W!{)-f>06t::-e«o^S:*-rr-7'>l^Sr^t. b-^ 
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[006 2] b-^'J^aHTCLti. ^^^t9V%Wi 

(8iai7K^afc«iaii'i-^s<oe(.^:s-) oymDCTYi<7)im 
Hit- 

[0063] <J^l,^T-S 2 Olcit;?*^. |nimcv^*^*^7t3l 
D c TW*> 7 tc-5-«0!^«rS^-r-r-:/;i'S:«l^ LT 
ll?^WDCLSr»ai-r*, 

[0064] JUJ^tSWDCLt. m-^i: 

iBiaitciiD c TVKDmm^zim Lxwm-^ , mj^w 

[006 5] <J:i^T'S 2 2{Cji;^, S3-fe>-9-5 4*>4> 
i^ai$iXJt*j£VP StC^^(?)ja)tWD S I N I T 

(HS«) ^jpstL, ifi^JtjaarwDsjrscai-rs, 

[0066] Jj<:V^T'S 2 4 >,zm^. Lfcfil^ffl^^J® 
iSWDS*»4>08tC-?-cO!|#it^^-rx-:?'/U5r*ft*L. 

snaniiEffiK vwd ^tmt-h , 

[0067] <!k\^X'S 2 tiiZm^^ m!S.}^&WiMC L 

[0 0 68] HD*>. i}^<^»)fz^~if<m.HTCl.l,Z^ 
®}^WD C LfcjaiSlliEttK VWD 
L. ^mcffift?&i|I«^ffic7)ifrilIttCLTTL(k-l) ^ 

ffiCLTTLir-f*. 

[0069] <5^V^-r-S 2 StCitP^L. 7|cSJfl^X>'>?>'ft 
?^«S:fiiT I TTLSr^ai-rS. 

[0070] Cm{iX>'s/>'ft?^gt»<BT I MTTL^r 

at^hm.'^-thtiK ^<n:iiy=jvnmmMm.T i mtt 
L(i. m9\<z^-fyu- ■ ^^r-v^zm.'>x'M■^^^x 

[0071] VXVW^n^^ S 2 0 0 tCfeV^Tx^-^-' 
y 1 03{)«5&i!»^:- Kfc:3>S*^*»S i O^t't |iia<o^ 
a-fipJIBiL, S^$*lSfc#{±S2 0 2CcJt^. HoaL 
fz^mi'mf^^^^y'yyF . MONXRMOb' / 

[0 0 7 2] S2 02-r'#^$nSk#{iS2 04tCji 

^$ilSk#JiS 2 0 6(^51;^. «ai$fl./;:X>'i/y|5i 
l£StNE*>^>0l 0tc-^<0#te^^-r7^-y;U=S:«BS 

IllSKSC?iliEffiKNETlM$-»aii-4. 
[0073] iJtV^-C'S 2 0 8tCjl;?PL, «!tt}$tt/v:I»^« 

rtite>itEP B A*>^>0 1 1 {Z^<7)m^i7r^-t7—-f)Vi 

imv. M^Sr«jE<lKPBTlM5rmaiL, S2l0tc 

xyi/yftftwwMT I MTTL^mtii-r-i.. 
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[0074] x.yi^yM^mM.mT I MT 

NET I Mfcftlpflf iEfflKPBT I Mi: $-*tTf§JtSI 
^, xyi/y*?^«S:tti7)MllHiTIMTTL{k-l) tc 

JDK (Mft) -r^cifcmai-rs. 

[00 7 51 iSI. S2 0 0fc&V^liS2 0 2'C5^SiX 

S2 1 2^^Jt^•C'XXi/>'ftj^fa»:<iSr^i:■r5i:^t 
ic, S2 04T*S$^tSi:§<±, «SipH«ftW^r$*t^r 

[0 0 7 6] BI37n- - f-^-hiOiJBjtcMSfc, S 

S-:^«,^-C*raift^xyi;y*?^«»ffiT i TTLSr^ffi 

[0077] a|l*>, 1^tii^tifzx.yi/ynnmM.mT I 
MTT LA^^friB Lit8l»}^a^*<lC LTT L 

u-c*iaii«xi'>?ymi!g«fffiiT i TTLi&^aj-^- 
s. 

[00781 iJlV^T-S 3 0 tJi;?^, attU L/vTTlca^Sx 

[ 0 0 7 9 ] BPt>, ?lciaJt^iiCTW{4. ifeiftHfl^aiTfc 
iSTW I N I TtC. l^^*tf>/i7iCzMIS^1lDDCT 

w(;*^a}s^i(n^*iaffliEffiKDCTw (a4«os i 
s. 

[00801 »:v^T-S 3 4 ta^T1?iSLi''v:i&lm;!r'> 

ii;?^. «ii«»<lVPSTTLtc4'|nI«iai$ix^C«afV 
P S SrJH^LT*^»llV P S TT L SrSi^f-r & . 

[0081] »:v>-cs 3 8tc:jt*. MWrU^*iSfil^ffi 

V P S T T L ^5&I6^* '^7 ^ ^« c t T R MT-Kf^ 

:s^y'jyms^<r>^i^Mmf p s A V E ^^aj-r& . 
[00 821 »:v>-cs 4 0 (cii;?!^, ^-^x^ vVeA 

[0083101 3\ti(n^mi^^^y>v—^y • y 

o— ■ f-\r— h-C*S. 

[0084] WT^Bfl-ri. t , S 3 0 0 ICfcl ^tTkia-fe 
>'-9-3 2A^^>;giaj$ix/::*igTW*>TE«¥'J^fflTW J u 
D (fi^i(f70- C) JaT*-S*^«L, 

J4 S 3 0 2 t=jt» . ¥%*av P S A V E*«^«V 
PSAVTRM (Wi.lf3 0km/h) 

fMU. #^§^^s^#^is3 0 4^^^i^T'^^>■-*x^' 

•7h6 476(«iE^tW^«.. 

[0085] fiiJ*, S3 00T'?5^$ixi.t#J4S3 0 
6 iizMift: it^Tkiac TWij(54JcKfil^fflc tw j u d 
(«;i{f7 5- C) ^mii^immL. m^^iXhtt 



(4 s 3 0 8 ^^ji^-c■~»^-^ ^ v h 6 4 *>'4fcRE. ip*>, 

[0086] *5t, S30 6-CS^$ilSi:#t4S3 1 

%t::m^m 2 cOfefilW^ffl D C T W J U D ( Mi-tf 1 5 
• C) m^tf^is^L. 5^$^LSt#«S3 0 8fc 

[0087] c:<7)J: p ic. fiiai*iS*^jE;ffifW^<ltc»r 

^^stc»«<>fci^{4, m^7mim^mzmthmX'i>^ 

[0088] ■9--^:X^.y ME^i:*i|^§^X.«,t#J4S 

3 1 2(citA-cmBi^TIIISfc;e?'>:^:5'^^^:5"J^^b 
t. S3 1 4^c;Ji^T-frlB7^:/F. MONTRMcOb' 
>y h?:0t:i;-fe>y 

[0 0 89] S3 0 2rSgS^I-Si:g^{4, 

^&^^S<■C7i''x-^6 0^;a*^^it^i:a 
Jt^>=5r<-^i:WBf^<xSi^. H^lC^^-^Xi'-y h64 

[0 0 901 BP*>, -?-cO*^{4S3 1 6tC)i;?^. 
=5:^ - ^-C 7 r >- 7 6 4-Br«i^|gl3i«"JWt3 
IMK; LT 9 J^'x-^' 6 0 L . m^^lSISSgf**^^ 
tU*iaTW?:HoiBjE«fJ«flTWJUDi:Jt«t. «ltii 
*iBTW*JH«n5iESS¥iJ^ffiTW J UDJjUiOi: g'Jil^- 

^r>^^ y hiEMtm^-thtrnz. ^ai^fcfaTw^ffme 
[009 1 ] :L<n'm&(r>mm!>t±si<^n< . «iai7kiaA< 

hte^tifiJ^-rS (S.SV^{4Jt^^K 
[0092] EP^. iaMi6»ief<07Kat ^Vx.-^<m 

iz. iss^:4<ia^eiaiu. -e*t-en0f^fii:Jtii8-r6c: 

fcT-M«(^ffia!m4«r*i)»rLT-9--tX^-y bOfeKS: 

[00931 ±Sl.<rm< , ^:<7)ll)5fi«o®®fcft-?Ta. 
rt«K«8M (xyyyi 0) tcaSilB (>f yPy h^'N^T 

62) $r:frUT«M$n. Hfnei*i«^iigao?^ai*s-}^» 

^^tX^j:h'7'J:s^-9 6 0<r)immsmmzn\,^X. 

fmmiimm<r>mm.^m (x^-v-'yunGiicNE. asm® 
p^^SPBA. *jaTw. ^h^is (aiMa) ta. » 



ma (ifiMia) -t^-^-SO. :¥SSia-fey-9-5 4. ECU 
2 0). mS.miii^tvtzimmS^<^oh. ij'-=5r< i: 
WS^^CO*^ (TW. TW I N I T) fcJ;t/HfilB?lcS 

mms^mr I TTL ) tcs-:ft^T«i^*iacTw^3raj 

-rSift^=+cia»fii¥S (ECU2 0. S26. S28, 
S20 0*»i^S2 1 2, S3 0, S 3 2 ) , t3 it/fTle 

S-^fimm^fl (4fcraE¥<I^{BCTWJUD, DCTJ 
U D , lE^f I^ffiT W J U D ) k it«? L . BiiiEitiSJSm 

g(ECU20. S40, S300*»^>S308) 

twmnmmm i:c.yi^ynt^mmmT i mttd 

i^^fflTITTL) Sr^ffi-rS (ECU2 0, S2 
6. S2 8. S2 00*»^>S2 1 2) *D<««L)t. 

1 0 0 9 5 1 ^ mfia«6^?}ciaaai#g{±. ^•>=5r< k 
tB?ieWjSi«8l«{:«*&$ii4^'!tftf» (TIMXKP 

A) twmm^m ccyi^ymmct^E) trnmnm 
( ia^«i*)}e**ffip B A ) ^z^rs\.^xmaS!mmm^. 

fflSr^Cffi-tS (ECU2 0, S26, S28, S200 
*-/i>S2 1 2) *D<«*L;t, 
[0 0 9 61 *7t. 1iiK«l^*ia®ai^S«. S<^>tC. 

fc'c J: hi^mm^mMm ( ^<^aii«*ffic l tt 

L) (c«-:fl'>-Ciiiffil&ftitvN"^^-^'SrSC{il-rs (EC 
U2 0. S16*»<i>S2 6. S28) *D<««tJt. 

1 0 0 9 7 ] ^fc. Bfiie«i^*ia»ai^S{i. ^i'^:^< t 

t^ma ( MlEit&»^?h^S C T A O S ) fc MMV P s 

«ife<lCLTTL) i&i[ai-^.& (ECU20. S163&> 
^>S2 6, S28) *D<««L3t. 
[0098] 

[0 0 9 91 it*«2Wc*-5T{i. ^i^'x-^'. ±0 
PL<{±^i''x-^'icgaa$ixS-*?--^x^-y hcTjjftW 

[0 100] msm3mizh'yxii. mm^z. ^i^'x- 

J:0»L<«7i^*x-^'fc:ii;s$fiS-9--^X^-y 

[0 1 0 1 1 i9*JS4^K*-?T«. mmiz. ^i^'x- 

J:0»L<{S^>''x-^{ciBS$ti.S^f-t;^^' y 
h <:0teKS:-«s«S*>oj6^S < «i»rr ^ ^ i: ij:X' 
^4. 
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[0 1 02] fB*3a5^ics,oT<±. mmz, ^i^'x- 

J;0PU<«i^i^'x-:J'lci;a$)h.S-9--t;<;? y 
[laffi<7)^S*=5^f^BH] 

[011 ^<r>mmz^hnfmm<r>^i^j^-^tmm\ 
^m.i±w.mz7Frmmsr^ht . 
im2 ] mimm<7)f^<o'^i^:c-^<Dmat:yrrrmmm 
jmmmx'hi>, 

[031 mi^<^Wli¥t:m-tJ<^y ■ 7n- ■ -f-A— 

hX'h^, 

[04 ] S3:7 0- • f--v-hi0tt><7)7 7^F. MON 

[05] 04:70- • ^■v-hTffiffl-r?.*?^Si&» 
yxhhc 

[06] 037O- - ^^-hT'«ffl-rSt-:5'}^H 

TCL<D7—yjim^i:^tim^yyx'$>^. 

[071 047D-- f-A'-hT'<Seffl-rS®?^WDC 

[08] 04 7D- • f-^-hx-ffiffl-r^a^ffljEffiK 

[091 037a- • f-v— ^<7)(f<o*^a^^l^x>'>''>■ 
ft?t«»fflT I TTLc7)»aico«^t=5r*xyi^'>'ft?^ 

«»ttT I MTTL<^»tllfm^*-r7D- ■ ^A—h 

[010] 09 7O- • ^^'-hX'mm^i>^mmllE 
fflKNET I Mco7—y}]/mti:^-rmm^yyx'h 

[011] 09 7o- • ^-^-hX'mm-ttn.mmjEm 
KPBT I M<7)^-y)\/miin^i-U'snyyyx'hi>. 

[01 2] 03 7O- -^^-ht-ffiffl-rS^iSJife* 
2|sttDCTWcD-r-y;l<^*^-njiHB^7 
[01 3] 03 7D— • f-v-hcOtfcO-y-— *;:^:J' 'y h 

[^?-^<7)iJiBfl] 

10 f^«^^ (XVi^V) 

2 0 ECU (^^$l|aPi- >y h ) 

20b CPU 

2 2 j8miSI+# ( ^ y^-'i ) 

2 6 ^E-b:>-9- 

3 0 ^'^5^^a (isfiia) ■fey^f 
38 

5 4 

6 0 ^i/'x-^ 

6 2 -iyuyh^^^y (mmsi) 

6 4 -t— ^X^'-yh 
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[112] 






TITTL-O 

CTW-TWIMT 
otTRM«-0 
VPSTTLM) 



Dcn 

CTW<k-1] 


-CTAOS 


4 



[ 



miTTL-CLTa 



[ PDCTTff T-^jj-O^ag K S30 

*KDcrw ^2 



r ctTRM^ctTRM»1 

I VfisnL-~ 

I VPSTTL^-VPS 



>-S34 



^S36 



VPSm/ctTRM 



c 



EX)T 



1 



S11S 



[04] 



NO 




SfOO 



\JWTHERM.^TW< 



■Tawi 



SI 20 



"TWTHBMH 
SI04 *^TvF« -^in-i«uiui% 
'Y^iY^ <^DTATMB»I 
NO ^ ,>^-TA 
^DTT>ERM 



YES 



TA-TAMT<^TA#T:<:) 



SlU ^ 



_ ,„ SI08 
S110 



TWIMT*-TW 




AlNir<TWIN 
YES 



cTAos^TAIMt'r 



£8112 



rSlie 



NQ(TA«T'b 
orTA-t#) 



EXIT 



TW 



S122 



[136] 




OOTW 
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mi] ims] [09] 




^E TTTTL 



imi 1] 



mi 3] 



PBA 



sapa ' 



S308 



CTW>CTWJ1 
YEST 



HO 



r^^^^ 04 S30a P^DDT^ 



MRTWNCMPtl 



EXIT 



—S3 12 



3— sai4 



